Objective-To check if signs of rectangularisation of the survival curve appeared during recent decades in Switzerlandthat is, if life expectancy is approaching a maximum with a clustering of age at death around an average value (the so called "compression of mortality"). Methods-Descriptive analysis of age of death and its trends over 26 years, as characterised by the modal value, median, and various percentiles beyond the median. Population-All deaths occurring after the 50th birthday in Switzerland between 1969 and 1994 (n=1 390 362). Main results-Age at death is increasing at a sustained rate at all percentiles equal or greater than 50, without any slow down in the trend during this period. The increase is more marked among women. Rates of increase are diminishing as the percentiles of age at death are higher, suggesting some clustering of deaths beyond the median value. However, the maximum age at death, if any, seems to be far from the current median values, even for women who enjoy a relatively high median age at death.
median values, even for women who enjoy a relatively high median age at death.
(J Epidemiol Community Health 1998;52: [412] [413] [414] [415] In 1980, Fries 1 presented a new development of an old theory-that is, the "rectangularisation" of the survival curve. Among other aspects, this theory states that the current decrease in mortality among old people is limited by a maximum life span. 2 This should correspond to a delayed and sharp increase in mortality around some optimal value of duration of life in the human species.
The purpose of this paper is to analyse the recent trend in the distribution of age at death among old people in Switzerland, with a specific eVort to identify any pattern compatible with a rectangularisation of survival. death, and sex. Only deaths occurring after the 50th birthday (n= 1 390 362-that is, 90% of all deaths) were considered in this paper.
Population and methods
For each calendar year, the distribution percentiles of 50%, 75%, 90%, and 95% of age at death were computed. Moreover, the modal age was estimated as the maximum of a non-parametric density estimate.
3 All computations were made with age in days; however, results are presented in years (the number of days was divided by 365 and rounded to the nearest integer). Figure 1 shows the distribution of age at death at the beginning (1969) and at the end (1994) of the period under study. The increase of the mode and the median is obvious in both sexes: the shift of the median amounts to five years for men and seven years for women (table 1) . The higher percentiles (75%, 90% and 95%) also increase. The shift of the mode is more important for men (nine years) than for women (seven years). Figure 1 suggests that the right hand sides of the 1994 histograms of the distributions are steeper than those of the 1969 histograms. Quantitative estimates of these diVerences are given in table 1: the gap between the median and the higher percentiles decreases during the period under study, for both sexes. For example, the diVerence between the median and the 95th percentile amounts to 16 years for men and 14 years for women in 1969, but it is only 14 and 11 years in 1994, respectively. Trends in diVerences are similar for the other percentiles for both sexes. In both years 1969 and 1994, the gap between the median and the higher percentiles is shorter for women than for men. Moreover, the male percentiles of year 1994 (table 1, line 2) are close to the female percentiles of year 1969 (table 1, line 4): in fact, the pattern of age at death for women anticipated the male pattern by 20 or 30 years. Figure 2 displays the trends of the modal values and of percentiles (50%, 75%, 90%, and 95%) of age at death between 1969 and 1994. For all percentiles, there is a regular increase during the period, with a striking linear trend (that is, the variability around the straight line is minimal).
Results
Examination of figure 2 suggests that the straight lines converge. This confirms the impression from figure 1 that the distance between the percentiles beyond the median is shrinking over the period. This convergence is quantified in table 2 with the line coeYcients (constants and slopes): the slopes are decreasing with the increasing percentiles beyond the median. 
Discussion
This study analyses the secular trends of age at death over 26 years in Switzerland, with a focus on people dying after the age of 50-that is, on the population most likely to die from "natural death". There is a linear increase in age at death: for the median, the rate of increase lies between 0.2 (men) and 0.3 (women) years of life per calendar year. There are no signs of a slowing down in either sex. An increase in age at death is also observed for people dying after the median age, although the annual rate of increase diminishes with increase in age. This latter finding suggests some reduction of the variability of age at death-that is, a compression of mortality. Age at death is not an ideal measure of trends in mortality: any shift might be caused by a change of either the mortality or the cohort size. In that perspective, the most appropriate method is the construction of extinct cohorts life tables. However, age at death has definite advantages as an empirical measure of mortality 4 and has been used by several authors. [5] [6] [7] Among others, an important advantage of age at death is to overcome the problems related to the quality of data: distribution of age at death relies on a single source (death certificate), while the death rate is based on two sources of data (death certificates and census). As the quality of census data may be questionable among old people (both in terms of enumeration and age certification), it is an advantage to work on the "numerator" only (the age at death). In practice, age at death is appropriate to assess short-term trends as far as the change in cohort size is limited. 5 These changes were negligible in Switzerland during the period under study, as shown in a separate analysis: thus, mortality eVects dominate at late ages in shaping the distribution of age at death.
Findings gained in this study do not provide straightforward arguments in favour or against the rectangularisation of survival in Switzerland. On the one hand, several results are compatible with Fries' theory. There is a sustained increase in age at death, with a shift in distribution toward the right hand side (fig 1 and fig 2,  table 2) . Furthermore, the rate of secular increase diminishes with increasing percentiles (table 2) , suggesting a reduction in the variability of age at death. The gender diVerence provides further arguments in the same direction: compared with men, women enjoy a higher age at death, and the distribution after the median is steeper for women than for men.
On the other hand, several results do not fit with any ongoing rectangularisation. For this 26 year period, the striking linearity of the increase in age at death does not slow down, either for the median or for the higher percentiles (fig 2) . A separate analysis shows that, during the same period, the number of Swiss people surviving their 90th birthday increased by 32%, and their 100th birthday by 19%. Furthermore, the rates of increase (the slopes in table 2) are higher for women than for men, at each percentile: in fact, one would expect a lower rate of increase among women, because women have already reached a higher age at death.
Similar studies have been conducted in various countries, showing conflicting results. A Dutch study 8 presents data on mortality between 1952 and 1992. Overall, the results are in favour of rectangularisation of the survival curve, with an increase in life expectancy and a decline in variability of age at death. These signs of rectangularisation are less marked for people dying after the age of 60 than for younger adults, but are nevertheless observable.
In contrast, several studies from the United States provide arguments against rectangularisation. One study 5 on the period 1962-1979 shows an increase in both the mean age at death and its variability (as measured by the standard deviation). Moreover, both the variability and the increase in variability are higher for women than for men despite the fact that women enjoy a higher mean age at death and a faster rate of increase (that is, an observation similar to the one made in this study). Another American study on mortality in old age between 1960 and 1990 6 confirms the lack of compression of mortality. Similar arguments against any compression of mortality are reported from analyses made in California, 9 in Australia, 4 and in France. 10 One study 7 based on the trend in age at death between 1962 and 1984 in the US suggests a sort of "partial compression of mortality": there is a shift of deaths into the upper ages, but with an increasing variability of age at death.
Taken as a whole, the results from this study and from the literature suggest that the maximal mean age at death is certainly higher than 85 years, which is the value originally proposed by Fries.
1 If any, a rectangularisation should thus occur at a higher age. Considering the excellent linearity shown in figure 2 , the convergence of the trends can be used to estimate the age (and the calendar year, not shown here) at which the various pairs of lines will cross over (that is, at an age with a high concentration of deaths). Using the coefficients from table 2, the crossover of the various lines will occur at an age at death varying between 100 and 134 years for men, between 111 and 123 years for women. Predictions for women
KEY POINTS
x Improvement of the health status of the elderly and rectangularisation of the survival curve are still debated as hypothesis.
x Rectangularisation of the survival curve refers to an increasing mean age at death with a decreasing variability around the mean.
x Switzerland already enjoys an increased median age at death, which is however still increasing in both sexes.
x There is some convergence of the slopes of age at death in the higher percentiles, suggesting early signs of compression.
are less scattered and might be more credible because women already enjoy a longer life expectancy in Switzerland. These predictions grossly correspond to several other estimates. 6 8 9 11 12 For the moment, the well documented maximum life span is a 122 year old French woman.
If the upper limit of age at death is as high as 120 years (that is, still far from the current mean age at death), this is compatible with the sustained rate of increase at all ages in Switzerland. The slight convergence of the trends for the percentiles might be an early sign of compression of mortality. As noted before, these signs may be more visible in Switzerland (or in the Netherlands) than in the US, because these two European countries are in a more advanced stage of mortality transition. In fact, the median age at death is lower in the US than in Switzerland: this might explain that an expansion of mortality (rather than a compression) is still dominant in the US, while a compression of mortality is emerging in the two European countries.
At each percentile, the rate of increase in age at death is higher among women than men. This pattern is found in most studies, including those from the United States, 6 and seems independent of the calendar period. This might be related to a gender specific diVerence in the upper limit of the life span.
Conclusion
The scientific theory of a fixed duration of life 11 is not new and was first expressed by BuVon two centuries ago (quoted by Robine 10 ). The development of genetics now suggests the mechanisms underlying a fixed life span, at least in animal models. 13 14 However, convincing tests to assess rectangularisation are diYcult to develop and apply to empirical data. 8 15 One diYculty is that any upper limit of life span is unlikely to be homogenous, even if environmental heterogeneity is reduced among individuals 16 : some variation around the maximum life span will still be observable, related either to a genetic mechanism and selection of "long living" genes 17 18 or to residual factors like those related to social classes 19 or ethnicity. 9 Thus, the question is to estimate the amount of variation around this mean age at death. Moreover, rectangularisation should not be seen as an output of mortality analysis, 16 but as a part of an underlying process related to an improvement in the health status of the elderly 1 : the period of illness and disablement is expected to be limited around the age at death, against authors predicting a pandemia of chronic diseases. 20 There are several direct 10 21 22 and indirect 23 evidences that health status is currently improving among the elderly, with a corresponding increase in the so called "disability-free life expectancy".
It is in this perspective that the monitoring of age at death in older people should be made. Future studies should compare the evolution of age at death in various countries at diVerent stages of mortality transition at advanced age, using similar measures of mortality. This will help for a better descriptive epidemiology of age at death and a better understanding of the mechanism of senescence. 12 24 The monitoring of age at death is also relevant for health services research and management, for a better estimate of the number of old people in the future, 11 25 and for a better prevision of the needs of aged people. 24 26 
